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ABSTRACT

The purpose of this research was to evaluate the Technological Pedagogical Content Knowledge (TPACK) scale before being
explicitly used to measure mathematics teachers’ knowledge of technology integration in teaching and learning. A Rasch
model analysis was used to evaluate these mathematics teachers’ TPACK scale. In this research, 66 secondary mathematics
teachers were chosen as a sample to answer these 28 items with 5 points Likert scale. The collected data were analyzed
using Winsteps software to obtain the Rasch model analysis output. The findings expose that the item in this mathematics
teachers’ TPACK scale has reliability value .94 and separation index was 3.90. For the person, the reliability value was .94,
and separation index was 3.90 too. However, some misfit items were purified and eliminated according to the research
purpose and discussion with an expert. Therefore, for future research, this evaluation of mathematics teachers’ TPACK scale
has provided statistical evidence that can use in measuring teachers’ knowledge of technology integration.

Keywords: TPACK, Rasch Model Analysis, Mathematics Teachers, Technology Integration, Knowledge, Teaching and
Learning

RESUMEN

El propésito de esta investigacion fue evaluar la escala de Conocimiento de Contenido Pedagégico Tecnoldégico (TPACK)
antes de ser utilizada explicitamente para medir el conocimiento de los docentes de matemdticas sobre la integraciéon de
tecnologfa en la ensefianza y el aprendizaje. Se utilizé un andlisis del modelo Rasch para evaluar la escala TPACK de estos
profesores de matemdticas. En esta investigacion, 66 maestros de matemdticas secundarios fueron elegidos como muestra
para responder a estos 28 items con una escala Likert de 5 puntos. Los datos recopilados se analizaron utilizando el software
Winsteps para obtener el resultado del andlisis del modelo Rasch. Los resultados exponen que el ftem en la escala TPACK
de este profesor de matemdticas tiene un valor de confiabilidad de .94 y un indice de separacién de 3.90. Para la persona, el
valor de confiabilidad fue de .94 y el indice de separacién también fue de 3.90. Sin embargo, algunos elementos inadaptados
se purificaron y eliminaron de acuerdo con el propdsito de la investigacién y la discusién con un experto. Por lo tanto, para
futuras investigaciones, esta evaluacién de la escala TPACK de los maestros de matemdticas ha proporcionado evidencia
estadistica que puede usarse para medir el conocimiento de los maestros sobre la integracién de la tecnologia.
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1. INTRODUCTION

Knowledge is the essential aim in the education of all over the world. Therefore, the main objective for any teachers
in teaching and learning were spread knowledge. But before they started to spread knowledge, they also need to
master content knowledge and need to have expertise in teaching that is pedagogy knowledge. The same ideas
happened to any subject teachers, including mathematics teachers. It is because the teacher’s understanding of
mathematics content and expertise in pedagogy shows how effective they are in their profession as a teacher (Hill
et al., 2008).

Meanwhile, one of the most critical aspects that were looking forward to the teacher’s teaching nowadays was
technology integration as the school looked as frontiers of any changes in technology trend (Danganan &
Gamboa, 2019). Therefore, it’s pivotal for teachers to dominate knowledge of technology besides pedagogy and
contents. The powerful predictor of teacher’s potential technology use in a classroom was their capability to use
technology (Bilici, Yamak, Kavak, & Guzey, 2013). Hence, when teachers want to integrate technology in their
classroom, they also need knowledge in technology and should expert in all knowledge necessary. The interaction
of this primary knowledge for technology integration was called Technological Pedagogical Content Knowledge
or TPACK (Koehler, Mishra, & Cain, 2013). The same situation happened for any subject teachers, including
mathematics teachers. Therefore, it was essential to find out mathematics teachers’ knowledge when integrating
technology in teaching and learning via this TPACK scale.

However, the TPACK scale should be evaluated first in providing a valid measurement of mathematics teachers’
knowledge of technology integration in teaching and learning. Likewise, the evaluation will establish the validity
of this TPACK scale (Cavanagh & Koehler, 2013) that used explicitly for mathematics teachers. Rasch model
analysis will be used to measure the validity of this scale. A Rasch model analysis will help the researcher to ensure
the scale measure what it is intended to measure, purify, or eliminate item that did not fit (Singer, 2016). It was
essential to evaluate this TPACK scale before being used as it can provide better information about mathematics
teachers’ knowledge of technology integration in teaching and learning. Therefore, the evaluation of these TPACK
scale using Rasch model analysis will include the following summary:

a) to determine the person and item reliability respectively
b) to determine the item separation index of person and item

¢) to identify the person and item measurement (polarity item, misfit item, unidimensional, person
item map)

2. METHODOLOGY

This study using a quantitative paradigm where 66 secondary mathematics teachers chosen by random sampling.
A set of mathematics teachers’ TPACK Scale that adapted from Alshehri (2012) used in this study. The scale
consists of 28 items that using a 5-point Likert scale ranging from one (strongly disagree) to five (strongly agree).
After the cleaning process of the collected data, the data were analyzed using Winsteps software to evaluate the
validity and reliability of the mathematics teachers’ TPACK scale. The person reliability, which is equivalent to
Cronbach’s alpha (KR-20) show that it has an acceptable value that is .96. Besides, the person reliability of real
RMSE was .94, and separation index was 3.90. The person reliability was defined as an important variable as it
shows the consistency of a person when measuring the same items (Wright & Masters, 1982). For the person
separation index, it shows four levels of person abilities in term of the item (Wright & Stone, 1999) that is
mathematics teachers’ TPACK scale. The reliability and construct validity of 66 measure persons shown in Table 1.

Table 1 Person Reliability

TOTAL COUNT MEASURE MODEL INFIT OUTFIT

SCORE ERROR MNSQ ZSTD MNSQ ZTD
MEAN 101.8 28.0 2.10 46 .90 -.6 97 -5
S.D. 11.1 .0 2.04 .06 77 2.1 91 2.1
MAX 125.0 28.0 7.32 54 4.20 5.9 4.87 5.4
MIN 65.0 28.0 -3.34 31 15 -3.6 11 -3.6
REAL RMSE .51 TRUE SD 1.98  SEPARATION 3.90  Person RELIABILITY .94
MODEL RMSE .46 TRUE SD 1.99  SEPARATION 4.32 Person RELIABILITY .95

S.E. OF Person MEAN = .25

For item reliability of real RMSE, it shows value .94 and separation index was 3.90 too. The item reliability shows
sufficient item to measure what supposed to be measure (Azrilah, Mohd Saidfudin, & Azami, 2013). Besides,
for item separation index, it shows how the person able to separate the item difficulty to four levels (Wright &
Stone, 1999) and in this study, the item refers to mathematics teachers’ TPACK scale. The reliability and construct
validity of 28 measure item shown in Table 2.

Table 2 Item Reliability
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TOTAL COUNT MEASURE  MODEL INFIT OUTFIT

SCORE ERROR MNSQ ZSTD MNSQ ZTD
MEAN 239.9 66.0 .00 29 .95 -3 .97 -3
S.D. 13.7 .0 1.24 .02 27 1.4 .39 1.6
MAX 267.0 66.0 1.96 .32 1.57 2.5 1.86 2.7
MIN 215.0 66.0 -2.53 .26 .57 -2.6 .50 -2.6
REAL RMSE .31 TRUE SD 1.20  SEPARATION  3.90 Item RELIABILITY .94
MODEL RMSE .29 TRUE SD 1.20  SEPARATION 4.12 Item RELIABILITY .94

S.E. OF Item MEAN = .24

The high acceptable person and item reliability were .80 and above (Bond & Fox, 2007). The recommended
separation indices for both person and item to be fair should be between two to three, and the excellent indices
should be more than five (Fisher, 2007). Therefore, both person and item reliability and separation index of this
study were acceptable.

3. RESULT AND DISCUSSION

Analysis of these mathematics teachers’ TPACK scale has done according to what had suggested for construct

analysis through polarity item, misfit item, and unidimensional of this scale. Below was the analysis done for this
evaluation.

Polarity item

According to Rasch model analysis, by referring to the study of the output, the validity of a questionnaire can
be identified. The main output to be referred to is the polarity item. Polarity item was used to determine the
construct validation by finding a correlation coefficient of measurement point through Point Measure Correlation
Coeflicient (PTMEA CORR) (Bond & Fox, 2007). A high PTMEA CORR value means that the item can
distinguish between the abilities of a person. Besides, a positive value of PTMEA CORR validated that the item
able to measure the construct (Linacre, 2018). A negative or zero values indicated that the time response conflict
with the construct (Linacre, 2018). So, if the value were zero or negative, it means the item should be fixed or
eliminated from the scale according to what the research purpose and discussion with an expert.

However, Table 3 shows the polarity item of mathematics teachers’ TPACK scale by PTMEA CORR values is
more than .38. Therefore, it can conclude that the item contributes to the measurement of mathematics teachers’
TPACK scale. The TPACK scale can discriminate or differentiate between different type of knowledge held by the
mathematics teachers.

Table 3 Polarity Item

ITEM MEASURE INFIT OUTHIT PTMEA
MNSQ ZSTD MNSQ ZS8TD CORR

C13 -2.53 1.57 2.5 1.86 2.7 .38
C8 -2.04 1.11 .6 1.08 4 .38
Cl16 -2.34 1.45 2.0 1.71 2.3 43
C12 -2.04 1.09 .5 1.20 8 45
C6 -95 1.30 1.4 1.52 1.7 48
Cc7 -95 L.15 7 1.43 1.4 52
CI15 -1.95 1.16 .8 1.29 1.1 52
C5 -1.25 .90 -4 .78 -7 .56
C25 -76 .90 -4 94 -1 .63
C4 97 1.18 1.0 1.30 1.3 .64
C14 -11 1.23 1.1 1.15 .6 .65
C26 .66 1.09 .5 94 -2 .68
C3 1.12 1.25 1.3 1.41 1.7 .69
Cl .82 96 -1 99 .0 74
C2 1.96 1.21 1.2 1.31 1.6 74
C9 4T .69 -1.6 .55 -2.1 74
C17 .90 .81 -1.0 77 -1.0 74
Cl1 .66 .67 -1.8 .61 -1.8 75
C27 .33 .68 -1.7 .59 -1.8 78
C21 .58 .67 -1.8 .57 -2.0 .78
C28 .33 .69 -1.6 .55 -2.0 .78
C20 .58 .85 -7 73 -1.1 .78
C23 97 .75 -1.4 .70 -1.4 79
Cl18 .90 .81 -1.0 79 -9 .79
C22 .66 .68 -1.7 .59 -1.9 79
C24 97 .60 -2.3 .54 2.4 79
C10 97 .57 -2.6 .50 -2.6 .80
C19 1.12 .68 -1.8 .64 -1.8 .84

Fortunately, there was none PTMEA CORR value that equal to zero or had negative value. The minimum PTMEA
CORR value was .38, and the maximum PTMEA CORR value was .84. Therefore, it shows that the item in this
TPACK scale was in line with other items to evaluate mathematics teachers’ knowledge of technology integration
in teaching and learning.
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Misfit Item

According to Rasch model analysis, the degree of suitability of items measuring variables was estimated and
derived from each item. Therefore, the misfit item was measure by chi-square that is outfit and infit mean square
(MNSQ). Usually, the outfit MNSQ index was check first before infit MNSQ index. For polytomous data that
is a Likert scale instrument, a range between 0.6 to 1.4 usually used to identify misfit item (Bond & Fox, 2007).
Therefore, the researcher decided to use the same range. Besides the MNSQ index, Z scores or ZSTD also essential
to identify misfit item. The ZSTD value that accepted should be in range +2.00. However, if the MNSQ index
had agreed, the ZSTD value can be ignored (Linacre, 2018). Table 4 shows the misfit item according to the outfit
and infit MNSQ index.

Table 4 Misfit Item according to Outfit and Infit MNSQ

“ITEM MEASURE  INFIT  OUTFIT  PTMEACORR
“MNSQ ZSTD  MNSQ  ZSTD
Cl13 -2.53 1.57 2.5 1.86 2.7 .38
Cl16 -2.34 1.45 2.0 1.71 2.3 43
C6 -95 1.30 1.4 1.52 1.7 48
Cc7 -.95 1.15 7 1.43 1.4 52
C3 1.12 1.25 1.3 1.41 1.7 .69
C2 1.96 1.21 1.2 1.31 1.6 74
C4 .97 1.18 1.0 1.30 1.3 .64
CI15 -1.95 1.16 .8 1.29 1.1 52
Cl4 =11 1.23 1.1 1.15 .6 .65
Cl12 -2.04 1.09 5 1.20 .8 45
C8 -2.04 1.11 .6 1.08 4 .38
C26 .66 1.09 5 94 -2 .68
Cl .82 .96 1 .99 .0 74
C25 -.76 .90 4 94 -1 .63
C5 -1.25 .90 -4 78 -7 .56
C20 .58 .85 7 73 -1.1 .78
Cl17 .90 .81 -1.0 77 -1.0 74
C18 .90 .81 -1.0 .79 -9 .79
C23 97 75 -1.4 .70 -1.4 79
C9 41 .69 -1.6 .55 -2.1 74
C28 .33 .69 -1.6 .55 -2.0 .78
C19 1.12 .68 -1.8 .64 -1.8 84
C22 .66 .68 -1.7 59 -1.9 79
C27 .33 .68 -1.7 .59 -1.8 .78
Cl1 .66 .67 -1.8 .61 -1.8 .75
C21 .58 .67 -1.8 57 -2.0 .78
C24 .97 .60 -2.3 54 2.4 79
Cl10 97 57 2.6 .50 2.6 .80

In this instrument, the analysis shows that the outfit MNSQ in range of .50 to 1.86 while infit MNSQ in range
of .57 to 1.57. According to outfit MNSQ, there were 12 items outside the range .6 to 1.4. The items above
1.4 were C13(1.86), C16(1.71), C6(1.52), C7(1.43), and C3(1.41). While the items below .6 were C9(.55),
C28(.55, C22(.59), C27(.59), C21(.57), C24(.54) and C10(.50). From 12 item that outside the range for outfit
MNSQ, there were only three items outside the range for infit MNSQ. Two items above 1.4 were C13(1.57) and
C16(1.45), while one item below .6 was C10(.57). Therefore, the researcher decided to eliminate three items that
were C13, C16, and C10 as their outfit and infit MNSQ, respectively outside the range .6 to 1.4. For another nine
items that were C6, C7, C3, C9, C28, C22, C27, C21, and C24, the researcher decided to purify that item. All

decision to eliminate and purify item made after looking at the purpose of this study and discussion with experts.
Unidimensional

Residual Principal Component Analysis (PCA) was used to identify the instrument ability on one form dimension
with noise that can be accepted. The variance of more than 20% was approved to measure the instrument dimension,
but for Rasch model analysis, it needs more than 40% to show the unidimensional of the instrument (Reckase,
1979). It also agreed by Azrilah et al. (2013) that said minimum 40% raw variance explained by measures needed
and variance more than 60% show as a good variance with unexplained variance in first contrast should not be
more than 15%. Table 5 shows the standardized residual variance for this scale.

3
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Table 5 Standardized Residual Variance

Empirical Modeled
Total raw variance in observations 63.6 100.0% 100.0%
Raw variance explained by measures 35.6 55.9% 53.3%
Raw variance explained by persons 24.3 38.2% 36.4%
Raw variance explained by items 11.3 17.7% 16.9%
Raw unexplained variance (total) 28.0 44.1% 100.0% 46.7%
Unexplained variance in 1* contrast 6.9 10.9% 24.7%

The raw variance explained by measures for this instrument was 55.9%, which was more 2.6% than the modeled
percentage. Besides, the variance also more than 40% and it can be accepted to show unidimensional of this
instrument. For the eigenvalue of unexplained variance in 1st contrast, it shows 6.9 units and represents 10.9%,
which can be accepted as it less than 15%.

Continuously, besides the standardized residual variance, the standardized residual correlation also should be
check to identify either the item depends on each other or not. The standardized residual correlation values that
more significant than 0.7 indicate that the item is dependent on each other and not single (Linacre, 2018). It is
because the person seeing that the item share the same character, and it is quite a conflict for them (Azrilah et al.,
2013). Only one item has chosen with referring to MNSQ index if this happened (Linacre, 2018). The item that
has MNSQ index approaching 1.00 should be maintained to have a good instrument. In this instrument, none
items have a standardized residual correlation of more than 0.7. Table 6 shows the standardized residual correlation
of this instrument.

Table 6 Standardized Residual Correlation

Correlation Entry Number Ttem Entry Number Ttem
.70 18 C18 19 C19
.70 15 C15 16 C16
.70 13 C13 16 Cl16
.59 25 C25 26 C26
.55 13 Cl13 15 Cl15
-.61 12 C12 21 C21
-.61 16 Cl16 21 C21
-.55 13 C13 24 C24
-.54 12 C12 20 C20
-.54 6 C6 22 C22

Person map item

Figure 1 shows the Person-Item Map (PIDM) that indicate person ability and item difficulty. The top at left was
allocated for the person with high ability in term of agreeable while the low ability person with less agreeable was
place at the lower part of the scale. For the item difficulty, the most challenging item was C2 that refer to statement
“I know how to solve my technical problems with digital technologies” and the less difficult was C13 that relate to
statement “I have a good understanding of teaching mathematics so that students able to learn.” Meanwhile, the
identical in measuring the same construct was the overlapping item at a different level of difficulty (Bond & Fox,
2007). The overlapping items were C10, C17, C18, C19, C23, C24, C3, and C4; C1, C11, C20, C21, C22, and
C26; C27, C28 and C9; C6 and C7; and C12, C15, and C8. The item difficulty equally distributed among the
person. The number of a person exceeds the mean of person abilities and below the mean are similarly. Most of the
items were considered at a moderate level and match with person abilities.
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4. CONCLUSION

The purpose of this study is providing an evaluation of the mathematics teachers’ TPACK scale via the validity
of this scale had been accomplished, as suggested by Cavanagh and Koehler (2013). Although there were four
levels of difficulty of items and ability of a person, the high consistency has respectively justified by the reliability
of person and item. However, the misleading items should be purified or omit from this scale. For the future,
this study can be discussed further based on gender and teaching experience. It can extend by different item
functioning in Rasch model analysis. Besides given meaningful data, the Rasch model analysis also has created a
paradigm in measuring person perception of the instrument.
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